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(57) ABSTRACT

Methods and devices for assembling a terrestrial solar track-
ing photovoltaic array. The methods may include securing a
torque tube to an alignment fixture by positioning a flange at
an end of the torque tube over a shelf on the alignment fixture
and positioning a section of the torque tube inward from the
flange 1nto a receptacle on the shelf of the alignment fixture.
The method may include aligning and mounting a mount to
the torque tube at a point along the torque tube inward from
the end of the torque tube. The method may include aligning
and mounting a solar cell module to the mount with the solar
cell module including an array of lenses positioned over a set
of corresponding receivers that include one or more III-V
compound semiconductor solar cells. The method may
include removing the torque tube from the alignment fixture
after the solar cell module 1s mounted to the mount. The
method may include aligning and mounting the torque tube to
an end of a longitudinal support with the torque tube being
coaxial with the longitudinal support and the solar cell mod-
ule being able to rotate with the torque tube about a first axis
that extends through the torque tube and the longitudinal
support and a second axis perpendicular to the first axis.

20 Claims, 19 Drawing Sheets
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METHODS AND DEVICES FOR
ASSEMBLING A TERRESTRIAL SOLAR
TRACKING PHOTOVOLTAIC ARRAY

RELATED APPLICATIONS

The present application is related to U.S. patent application
Ser. No. 12/623,134 filed on Nov. 20, 2009.

The present application 1s related to U.S. patent application
Ser. No. 12/574,508 filed Oct. 6, 2009.

The present application 1s related to U.S. patent application
Ser. No. 12/4778,567 filed Jun. 4, 2009.

The present application 1s related to U.S. patent application
Ser. No. 12/257,670 filed Oct. 24, 2008.

BACKGROUND

The present application 1s directed to a solar tracking pho-
tovoltaic array and, more particularly, to an alignment device
and methods for assembling and aligning individual compo-
nents of a solar array.

Solar tracking photovoltaic arrays are used for various
applications. The arrays are designed for a specific output
capacity that may vary from being relatively small, such as a
few kilowatts, to relatively large 1n excess ol hundreds of
kilowatts. The arrays may be installed at various locations
that have exposure to the sun for adequate periods of time to
produce the required power capacity.

The arrays generally include a frame with one or more solar
cell modules 1n the form of panels. The frame may be adjust-
able to position the solar cell modules towards the sun. The
frame may adjust the position of the solar cell modules
throughout the day and throughout the year to ensure they
remain directed to the sun to maximize the power capacity.

The arrays are often large assemblies that may be difficult
or even 1mpossible to transport once they are assembled.
Because of this, 1t may be advantageous to assemble the
arrays in the field at an installation site. Assembly of the solar
arrays 1n the field may provide for the arrays to be packaged
and transported as kits to facilitate transport and assembly.
Further, the assembly at the installation site may provide for
less-skilled workers to perform the assembly process, and the
assembly may be done quickly.

SUMMARY

The present application 1s directed to methods and devices
for assembling a terrestrial solar tracking photovoltaic array.
According to some embodiments of the present invention, the
method includes positioning a torque tube on two vertical
supporting alignment fixtures. The method may include
mounting a mount to the torque tube between first and second
ends of the torque tube with the mount having first and second
sections that extend outward from opposing sides of the
torque tube. The method may include mounting a first solar
cell module to the first section of the mount and a second solar
cell module to the second section of the mount. Each of the
solar cell modules may include an array of lenses positioned
over a set of corresponding receivers that include one or more
I1I-V compound semiconductor solar cells. The method may
include removing the torque tube from the alignment fixtures
after the solar cell modules are mounted to the mount. The
method may include aligning the torque tube with a longitu-
dinal support mounted over the surface of the earth with the
torque tube and the longitudinal support being coaxial and
aligned 1n an end-to-end orientation. The method may include
attaching the torque tube to the end of the longitudinal support
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2

with the first and second solar cell modules being rotatable
about a first axis defined by the coaxial torque tube and the
longitudinal support and a second axis substantially perpen-
dicular to the first axis.

Some embodiments of the present invention may be
directed to a method of assembling a terrestrial solar tracking
photovoltaic array that may include securing a torque tube to
an alignment fixture by positioning a tlange at an end of the
torque tube over a shelf on the alignment fixture and position-
ing a section of the torque tube inward from the flange into a
receptacle on the shelf of the alignment fixture. The method
may include aligning and mounting a mount to the torque tube
at a point along the torque tube mward from the end of the
torque tube. The method may include aligning and mounting
a solar cell module to the mount with the solar cell module
including an array of lenses positioned over a set of corre-
sponding receivers that include one or more I1I-V compound
semiconductor solar cells. The method may include removing
the torque tube from the alignment fixture after the solar cell
module 1s mounted to the mount. The method may include
aligning and mounting the torque tube to an end of a longi-
tudinal support with the torque tube being coaxial with the
longitudinal support and the solar cell module being able to
rotate with the torque tube about a first axis that extends
through the torque tube and the longitudinal support and a
second axis perpendicular to the first axis.

Some embodiments of the present invention may include a
method of assembling a terrestrial solar tracking photovoltaic
array. The method may include securing a first torque tube
section to first and second alignment fixtures. While the first
torque tube section i1s secured, the method may include
mounting a first mount to the first torque tube section and a
first linkage to the first mount. The method may include
removing the first torque tube section from the first and sec-
ond alignment fixtures. Thereafter, the method may include
securing a second torque tube section to the first and second
alignment fixtures. While the second torque tube section 1s
secured, the method may include mounting a second mount to
the second torque tube section and a second linkage to the
second mount. The method may include removing the second
torque tube section from the first and second alignment f1x-
tures. The method may include rotatably securing the first
torque tube section on a first plurality of vertical supports and
rotatably securing the second torque tube section on a second
plurality of vertical supports. The method may include align-
ing and mounting the second torque tube section to an end of
the first torque tube section with the sections being arranged

in coaxial end-to-end arrangement. The method may include
attachung the first and second linkages together. The method
may include attaching solar cell modules to each of the first
and second mounts with the solar cell modules including an
array of lenses positioned over a set of corresponding receiv-
ers that include one or more I11-V compound semiconductor
solar cells. The method may include attaching the first torque
tube section to a first drive to rotate the first and second torque
tube sections about a first axis that extends through the first
and second torque tube sections. The method may include
attaching one of the first and second linkages to a linear
actuator to rotate the first and second mounts about a second
axis perpendicular to the first axis.

Some 1implementations or embodiments may incorporate
or implement fewer of the aspects or features noted in the
foregoing embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a terrestrial photovoltaic
solar cell tracking array according to some embodiments of
the present invention.
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FIG. 2 1s a partial perspective view of a partially assembled
terrestrial photovoltaic solar cell tracking array according to

some embodiments of the present invention.

FIG. 3 15 a perspective view of first and second alignment
fixtures according to some embodiments of the present inven-
tion.

FIG. 4 A 15 a perspective view of a receptacle mounted on a
first alignment fixture according to some embodiments of the
present invention.

FIG. 4B 1s a perspective view of a receptacle mounted on a
first alignment fixture according to some embodiments of the
present invention.

FIG. 5 1s a perspective view of a clamp 1n an open orien-
tation and a receptacle mounted on a first alignment fixture
according to some embodiments of the present invention.

FIG. 6 1s a perspective view of an end of a section of a
torque tube according to some embodiments of the present
invention.

FIG. 7 1s a perspective view of a section of a torque tube
positioned 1n a first alignment {ixture with a clamp 1n an open
orientation according to some embodiments of the present
invention.

FIG. 8 1s a perspective view of a section of a torque tube
positioned 1n a first alignment fixture with a clamp 1n a closed
orientation according to some embodiments of the present
invention.

FIG. 9 15 a perspective view of a second alignment fixture
according to some embodiments of the present invention.

FI1G. 10 1s a perspective view of a second section secured to
first and second alignment fixtures according to some
embodiments of the present invention.

FIG. 11 1s a side view of a second section secured to first
and second alignment fixtures according to some embodi-
ments of the present mvention.

FI1G. 12 1s a perspective view of a second section with solar
modules secured to first and second alignment fixtures
according to some embodiments of the present invention.

FIG. 13 1s a perspective view of a second section with solar
modules after removal from the first and second alignment
fixtures according to some embodiments of the present inven-
tion.

FIG. 14 1s a perspective view of a first section secured to
first and second alignment fixtures according to some
embodiments of the present invention.

FI1G. 15 1s a perspective view of vertical supports mounted
to a support according to some embodiments of the present
ivention.

FIG. 16 1s a perspective view of a drive for rotating the
torque tube according to some embodiments of the present
invention.

FIG. 17 1s aperspective view of a second section assembled
to vertical supports and a drive according to some embodi-
ments of the present invention.

FIG. 18 1s a perspective view of a first section assembled to
a second section according to some embodiments of the
present invention.

DETAILED DESCRIPTION

The present application 1s directed to methods and devices
for assembling a modular terrestrial solar tracking photovol-
taic array (hereinafter solar array). The solar array includes a
number of discrete sections that each includes a longitudinal
torque tube and one or more solar cell modules. The devices
and methods provide for individually assembling each dis-
crete section. The finished discrete sections are then con-
nected together to form the overall solar array. The number
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4

and sizes of the discrete sections may vary depending upon
the desired electrical output of the solar array.

FIG. 1 illustrates an embodiment of an assembled solar
array generally illustrated as element 100. The array 100
includes an elongated frame 110 with a torque tube 120
configured to mount various numbers of solar cell modules
115. The frame 110 1s able to rotate each of the solar cell
modules 115 along a first axis A to simultaneously track the
clevation of the sun during the course of a day. The frame 110
also rotates each solar cell module 1135 along axes B that are
substantially perpendicular to axis A to track the azimuthal
position of the sun during the course of the day. The frame 110
also 1includes vertical supports 130 spaced along the length of
the torque tube 120 to position the torque tube 120 above the
surface ol a supporting surface 300.

The array 100 1s constructed from two or more discrete
sections 121 that are assembled together. Each section 121
forms a portion of the torque tube 120 and one or more solar
cell modules 115. The sections 121 are connected together to
allow rotation of the solar cell modules 115 about each of the
first and second axes A, B. The modular design provides for a
user to construct the frame 110 to a size that supports a
necessary number of solar cell modules 115. Each of the
sections 121 may include the same or different sizes, num-
bers, and configurations of solar cell modules 115. Additional
sections 121 may be added to a frame 110 of an existing solar
array 100 to accommodate additional solar cell modules 115
as 1s necessary to increase the power output of the array 100.

The torque tube 120 includes an elongated shape with a
length to accommodate the required number of solar cell
modules 115. The torque tube 120 1s constructed of a number
ol separate sections 121 that are attached together in an end-
to-end orientation in a collinear manner. Each of the sections
121 may have the same physical characteristics (e.g., length,
diameter, shape, weight), or one or more of the sections 121
may 1nclude different characteristics. According to some
embodiments of the present invention, the solar array 100

includes two different types of sections 121: a first section
1214 that includes a linear actuator 190; and a second section
1215 that does not include the linear actuator 190. According,
to some embodiments of the present invention, the solar array
100 includes a single first section 121, and two or more
second sections 1215. In one specific embodiment, the sec-
tions 121 are each hollow pipes with a diameter of about 4
inches, a thickness of about 0.167 inches, a length of about
192", and a weight of about 110 lbs.

As 1llustrated 1n FIG. 2, mounts 160 are connected to the
torque tube 120 and support the solar cell modules 115.
According to some embodiments of the present invention,
cach section 121 includes at least one mount 160 to support at
least one solar cell module 115. The mounts 160 may include
vertical members 162 that are perpendicular to the torque tube
120, and horizontal members 163 that are parallel to the
torque tube 120. Mounts 160 may be of different sizes to
accommodate different numbers of solar cell modules 115.
Mounts 160 may also include a prvot member 165 that facili-
tates prvoting motion of the solar cell modules 115 about the
second axes B. The pivot member 165 may be a single elon-
gated member or may be constructed of separate members
that are positioned in an end-to-end orientation and connected
at the torque tube 120. Supports 181, 182, 183 extend
between an outer extent of the mounts 160 away from the
torque tube 120 and a linkage 150 that extends along the
torque tube 120. The supports 181, 182, 183 facilitate rotatio
of the mount 160 and attached solar cell modules 115 about
one of the axes B as will be explained in more detail below.
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The mounts 160 may be positioned at various spacings
along the length of the torque tube 120. The mounts 160 may
be aligned along the torque tube 120 1n offsetting pairs on
opposing sides of the torque tube 120 directly across from one
another as illustrated in FIGS. 1 and 2. Other offset position-
ing may include the mounts 160 unevenly spread along the
length with equal numbers of mounts 160 extending outward
from each opposing side of the torque tube 120. The offset
positioning assists to balance the array 100 and facilitate
rotation about the first axis A. Other configurations may
include uneven numbers of mounts 160 extending outward
from the opposing sides of the torque tube 120. According to
some embodiments, a single solar cell module 115 extends
from each section 121 of the torque tube 120.

The vertical supports 130 are spaced apart along the length
of the torque tube 120 to position the solar cell modules 115
above the surface 300 for rotation about the first axis A. The
vertical supports 130 include a vertical post 131 and a base
132. The vertical posts 131 include a length greater than the
solar cell modules 115 for rotation about axis A. The bases
132 include an enlarged area that 1s greater than the posts 131
and are configured to contact against the surface 300. In one
specific embodiment, the vertical posts 131 include a 4 inch
by 4 inch rectangular shape with a thickness of about 0.188
inches, and the bases 132 include an enlarged area and are
supported by a concrete pad.

The vertical supports 130 are positioned along the torque
tube 120 away from the mounts 160 to prevent interference
with the movement of the solar cell modules 115. As 1illus-
trated 1 FIG. 1, the vertical supports 130 are spaced-apart
from the solar cell modules 115 along the length of the torque
tube 120. In this arrangement, the vertical supports 130 are in
a non-overlapping arrangement with the solar cell modules
115. Various numbers of vertical supports 130 may be posi-
tioned along the length of the torque tube 120. According to
some embodiments of the present invention, at least one
vertical support 130 1s connected to each discrete section 121
of the torque tube 120. In the embodiment of FIG. 1, a vertical
support 130 1s positioned between each pair of mounts 160. In
other embodiments, the vertical supports 130 are spaced a
greater distance apart along the torque tube 120.

One or more drives 170 are connected to the torque tube
120 to provide a force to rotate the torque tube 120 about axis
A. According to some embodiments of the present invention,
a single drive 170 rotates the torque tube 120 and 1s positioned
at an end of the torque tube 120. Another embodiment
includes a single drive 170 centrally located along the torque
tube 120. Other embodiments include multiple drives 170
positioned along the length of the torque tube 120. The drives
170 may include a drive train with one or more gears that
engage with the torque tube 120. Additional details about
embodiments of the drive 170 are included below.

The array 100 1s designed to balance the power load
requirements of the one or more drives 170 during rotation
through the various angular positions about the first axis A.
One manner of balancing the load requirements 1s placing the
mounts 160 and solar cell modules 115 such that a center of
gravity of the array 100 1s aligned with the torque tube 120.
FIG. 1 illustrates an example of this positioming with equal
numbers of solar cell modules 115 extending outward from
the opposing sides of the torque tube 120. FIG. 1 illustrates
the solar cell modules 115 aligned 1n pairs that are directly
across the torque tube 120 from each other. Other spacings of
the mounts 160 and solar cell modules 115 may also be used
for balancing the load requirements. The balanced array 100
maintains a near constant potential energy as rotation in a first
direction 1s facilitated by the weight of the solar cell modules
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6

115 that extend outward from a first side, and rotation 1n a
second direction 1s facilitated by the opposing solar cells 115
that extend outward from a second side of the torque tube 120.

Linkages 150 are connected to the mounts 160 to rotate the
solar cell modules 115 about the second axes B. The linkages
150 are attached together 1n a string aligned substantially
parallel to the torque tube 120. The linkages 150 are also
connected to each of the mounts 160.

As 1illustrated 1in FIG. 2, a linear actuator 190 provides a
force to the linkages 150 to move the linkages 150 1n first and
second directions along the torque tube 120. The linear actua-
tor 190 includes a drive 191 and an extension 194 with a first
section 192 and a second section 193. The first and second
sections 192, 193 are 1n a telescoping arrangement with the
first section 192 attached to the torque tube 120 and the
second section 193 attached to the linkages 150. Activation of
the drive 191 moves the second extension 193 into and out of
the first extension 192 to adjust the overall length. This move-
ment drives the linkages 150 1n first and second directions
along the torque tube 120 to rotate the mounts 160 and asso-
ciated solar cell modules 115 about the axes B. Elongation of
the extension 194 causes rotation about the axes B 1n a first
direction, and reduction 1n the length of the extension 194
causes rotation 1n a second direction about the axes B. The
movement causes the mounts 160 to rotate about the pivot
member 165.

The number of linkages 150 in the string that 1s moved by
the linear actuator 190 may vary. According to some embodi-
ments of the present invention, a single linear actuator 190
rotates each of the solar cell modules 115. Other embodi-
ments include two or more linear actuators 190.

According to some embodiments of the present invention,
a single linear actuator 190 is positioned on the section 121qa
at an end of the torque tube 120. Other embodiments position
the single linear actuator 190 at a central location along the
torque tube 120.

The solar cell modules 115 are configured to convert the
sunlight into electrical energy. According to some embodi-
ments of the present mnvention as illustrated in FIG. 2, the
solar cell modules 1135 are each about 43" by 67". The solar
cell modules 115 may include an aluminum frame and plastic
or corrugated plastic sides that reduce the overall weight to
about 70 pounds. In one embodiment, each solar cell module
115 includes a planar upper surface that includes an array of
lenses 140 that are positioned over corresponding recervers.
According to some embodiments of the present invention, the
modules 115 include a3x35 array of lenses 140 as illustrated in
FIG. 2. Other embodiments may include different numbers
and/or arrangements of the lenses 140. In one specific
embodiment, the module 115 1ncludes a single lens 140. The
lenses 140 may include various shapes and sizes with one
specific embodiment including lenses that are about 13"
square. Further, the focal length between the lenses 140 and
the recervers 1s about 20". Each receiver may include one or
more I1I-V compound semiconductor solar cells.

When mounted on the surface 300, the torque tube 120 may
be positioned 1n a north N-south S orientation as 1llustrated in
FI1G. 1. In one embodiment, the surface 300 1s the surface of
the Earth. The torque tube 120 includes a length to space a
desired number of solar cell modules 115. Throughout the
course ol the day, the array 100 1s adjusted to maintain the
solar cell modules 115 facing towards the sun. The drive 170
may be periodically activated to provide a force to rotate the
torque tube 120 and hence each of the mounts 160 and
attached solar cell modules 115. According to some embodi-
ments of the present invention, the force applied by the drive
170 provides for each of the solar cells recervers 115 to be
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moved a same amount such that each solar cell array module
115 1s synchronized and moved 1n unison.

In addition to the rotation of the torque tube 120, the one or
more linear actuators 190 moves the linkages 150 to further
maintain the solar cell modules 115 aligned with the sun. The
one or more drives 180 are periodically activated to move the
drive linkages 144 and attached string of linkages 150. This
movement causes the attached mounts 160 and solar cell
modules 115 to pivot about the various axes B. These axes B
may be orthogonal to the axis A. The string of linkages 1350
provides for each of the solar cell modules 1135 to again move
in unison about their respective axis B. The movement about
the B axes may allow the solar cell modules 115 to track the
azimuthal position of the sun.

A controller 195 as schematically illustrated in FIG. 1 may
control the movement of one or more arrays 100 and the
positioning of the modules 115 relative to the sun. The con-
troller 195 may include a microcontroller with associated
memory. In one embodiment, controller 195 includes a
microprocessor, random access memory, read only memory,
and an iput/output interface. The controller 195 controls
operation ol the one or more drives 170 for rotating the torque
tube 120 and the solar cell modules 115 about the first axis A.
The controller 195 further controls the one or more linear
actuators 190 for driving the linkages 150 and rotating the
solar cell modules 115 about the second axes B. The control-
ler 195 may include an internal timing mechanism such that
the operation of the drives corresponds to the day and the time
for the solar cell modules 115 to track the azimuth and eleva-
tion of the sun. The controller 195 may be operatively con-
nected to the solar array 100 by one or more hardwire con-
nections (not illustrated) or by a wireless interface.

According to some embodiments of the present invention,
the components of the solar array 100 are assembled together
at the 1nstallation site. This practice makes it easier to indi-
vidually transport and install each of the components, as
opposed to attempting to transport and 1nstall the entire pre-
assembled solar array 100 to the installation site. The solar
array 100 may be packaged 1n kits that facilitate transporting
the array 100. Further, the assembling at the installation site
provides for altering the solar array 100 1f necessary due to
previously unforeseen 1ssues that arise at the installation site.
The ability to assemble at the installation site also provides
for altering an existing, previously-installed solar array 100
(e.g., adding additional solar cell modules 1135 to an existing
solar array 100). The solar array 100 may be packaged for
straight-forward assembly that can be accomplished by rela-
tively mnexperienced labor, and/or performed quickly. Alter-
natively, the solar array 100 may be entirely or partially
assembled remotely and subsequently transported to the
installation site.

The process of assembling the solar array 100 includes
assembling one or more of the sections 121 and subsequently
attaching the sections 121 together. The assembly process
includes attachment of one or more mounts 160 and modules
115 to each of the sections 121. FIG. 3 illustrates a first
alignment fixture 10 and a second alignment fixture 30 used
for assembling one of the discrete sections 121 of the solar
array 100. The alignment fixtures 10, 30 are configured to
receive and secure the section 121 while at least one or more
mounts 160 and solar cell modules 115 are attached. The
alignment fixtures 10, 30 are further configured to release the
completed section 121 for attachment with one or more other
sections 121 that form the solar array 100.

The first alignment fixture 10 generally includes a leg 1
having a height to position the discrete section 121 above a
support surface, such as the Farth or an installation pad outin
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the field at a solar array 100 installation site. A base 12 with an
enlarged surface area 1s positioned at a first end of the leg 1 to
contact against the support surface. One or more apertures
may extend through the base 12 to receive fasteners to secure
the first alignment fixture 10 to the support surface. A support
member 13 1s positioned at a second end of the leg 1. The
support member 13 may include a flat surface, and may
include an enlarged surface area to mount and support various
components for securing an end of the section 121. Apertures
may be positioned about the support member 13 to receive
fasteners for securing the components.

As 1llustrated i FIGS. 3, 4A, and 4B, a receptacle 14 1s
attached to the support member 13 and includes a scalloped
groove 15 to recerve the section 121. According to some
embodiments of the present invention, the groove 13 1s sized
and shaped to match the exterior of the section 121. Examples
include semi-circular, semi-square, and semi-oval shapes.
One or more fasteners may extend through the receptacle 14
and the support member 13 to connect the elements together.

As 1llustrated 1n FIGS. 3 and 5, a clamp 16 15 also attached
to the support member 13 to receive and secure the section
121. Fasteners may extend through the clamp 16 and through
notches 22 1n the support member 13 to secure the clamp 16.
The clamp 16 1s adjacent to the receptacle 14 to maintain the
section 121 1n the receptacle 14 and 1n contact with the groove
15. The clamp 16 includes a base 17 that seats against the
support member 13, and a pair of extensions 18 that are
spaced apart and extend outward above the surface of the
support member 13. An arm 19 with a notched end 20 1s
pivotally attached to the first extension 18. An underside of
the arm 19 may be scalloped to match the exterior shape of the
section 121. A tightening mechanism 21 with threaded first
and second sections 23, 24 1s pivotally attached to the second
extension 18. The first section 23 includes exterior threads
that mate with interior threads on the second section 24.
Rotation of the second section 24 relative to the first section
23 adjusts an overall length of the second extension 18. The
second section 24 may further include a handle to facilitate
rotation.

FIG. 6 1llustrates an end of a section 121 that 1s attached to
the first alignment fixture 10. The section 121 includes an
exterior shape that matches the groove 15 of the receptacle 14.
In this specific embodiment, the section 121 includes a cir-
cular cross-sectional shape. A flange 122 1s attached to an end
of the section 121 and extends radially outward beyond the
surface of the section 121. According to some embodiments
of the present invention, the flange 122 extends outward from
cach side of the section 121. Other embodiments include the
flange 122 extending outward from fewer than each side. FIG.
6 1llustrates the flange 122 having a rectangular shape,
although the flange 122 may include other shapes. One or
more apertures 123 extend through the flange 122 to receive
tasteners for attaching the section 121 to an adjacent section
121, drive 170, or other section of the array 100.

A 1in 124 with a flattened shape 1s attached to an end of the
section 121. The fin 124 extends radially and axially outward
beyond the section 121 and the flange 122. An aperture 125
extends through the fin 124 to receive a fastener for attach-
ment to another section 121 or other section of the array 100.
The aperture 125 1s positioned radially above and axially
beyond the flange 122 to be accessible during attachment to
other elements.

FIGS. 7 and 8 1llustrate positioming and securing the sec-
tion 121 within the first alignment fixture 10. As 1llustrated in
FIG. 7, the clamp 16 1s 1n an open orientation with the arm 19
and tightening mechanism 21 each pivoted away from the
base 17 to form an opening to recerve the section 121. Further,
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the section 121 1s positioned within the receptacle 14 and in
contact with the groove 15. The flange 122 at the end of the
section 121 1s positioned beyond the receptacle 14. According
to some embodiments of the present invention, the receptacle
14 extends above the support 13 an amount that the flange 122
1s spaced away from the surface of the support 13. In other
embodiments, the flange 122 contacts the support 13.

After the section 121 1s positioned 1n the clamp 16 and
receptacle 14, the clamp 16 1s moved to a closed orientation as

illustrated in FIG. 8. Closing the clamp 16 1includes pivoting
the arm 19 to extend over the section 121. The arm 19 has a
length to extend across the section 121 with the notch 20 at the
end of the arm 19 being exposed towards the opposing exten-
sion 18. The tightening mechanism 21 1s also pivoted about 1ts
extension 18 and into the notch 20. According to some
embodiments of the present invention, the first section 23 1s
s1zed to it into the notch 20 and the second section 24 1s larger
than the notch 20. The tightening mechanism 21 1s pivoted to
position the first section 23 in the notch 20 and the second
section 24 above the notch (1.e., on an opposing side of the
notch 20 from the extension 18). The second section 24 1s
rotated relative to the first section 23 to reduce an overall
length of the mechanism 21 and apply a force to further pivot
the arm 19 downward onto the section 121.

The section 121 1s axially held 1n position to prevent sliding,
along the support 13. The tflange 122 abuts against the edge of
the receptacle 14 to prevent the section 121 from sliding in the
direction of arrow A 1n FIG. 7. Movement 1n both directions
of arrows A and B may be prevented by the compressive force
applied by the clamp 16 that forces the section 121 against the
groove 15. Fasteners 90 that extend through the support 13
may also prevent axial movement of the section 121. Accord-
ing to some embodiments of the present mnvention, the fas-
teners 90 contact against an edge of the flange 122. This
contact may prevent movement 1n one or both of directions A
and B. In other embodiments, the fasteners 90 are positioned
in front of the flange 122 (1.e., the flange 122 1s positioned 1n
a space formed between the fasteners 90 and the receptacle
14). The flange 122 1s constrained from sliding beyond the
space.

FIGS. 3 and 9 illustrate the second alignment fixture 30.
According to some embodiments of the present invention, the
second alignment fixture 30 has many of the same compo-
nents as the first alignment fixture 10. The second alignment
fixture 30 generally includes a leg 31 with a base 32 at a {irst
end with an enlarged surface area to contact against the sup-
port surface. A support member 33 1s positioned at a second
end of the leg 31 and includes an enlarged flat surface to
mount and support various components for assembling the
section 121. Apertures may be positioned about the support
member 13 to receive fasteners for securing the components.
A receptacle 34 with a scalloped groove 33 1s attached to the
support member 13 to receive the section 121. The groove 35
may be sized and shaped to match the exterior of the section
121. One or more fasteners may extend through the receptacle
14 and the support member 13 to connect these elements
together.

A clamp 36 1s positioned adjacent to the receptacle 34 to
receive and secure the section 121. The clamp includes a base
39 that seats against the support member 33, and a pair of
arms 40 that are spaced apart and extend outward above the
surface of the support member 33. An arm 41 with a notched
end 1s pivotally attached to the first extension 40, and a tight-
cning mechanism 42 with threaded first and second sections
43, 44 are pivotally attached to the second extension 18. FIG.
9 1llustrates the clamp 36 1n the closed orientation.
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The second alignment fixture 30 also includes an elongated
extension 37. The extension 37 includes a first end that con-
tacts against the support member 33 and an opposing second
end positioned above the support member 33. An aperture 45
at the second end recerves a fastener to secure the linkages
150 during the assembly process as will be explained 1n
detail.

An arm 38 extends outward from a second side of the
alignment fixture 30. The arm 38 includes a first end that 1s
attached to the receptacle 34, and a second end 46 positioned
outward beyond the second alignment fixture 30 as best 1llus-
trated 1n FIG. 3. The arm 38 includes a predetermined length
measured between the ends to position the mount 160 during
the assembly process as will be explained 1n detail.

The assembling system may also include a support 50 as
illustrated in F1G. 3. The support 50 positions the components
of the sections 121 during the assembly process. The support
50 includes a leg 51 with an eyelet 52 at one end.

FIGS. 10 and 11 illustrate the first and second alignment
fixtures 10, 30 used for construction of a second section 1215
of the solar array 100. Prior to mounting the second section
1215, the alignment fixtures 10, 30 are positioned a distance
apart and secured to a support surface. According to some
embodiments, the alignment fixtures 10, 30 are portable and
brought to an installation sight for assembling the second
section 1215. The second section 1215 1s then secured to the
alignment fixtures 10, 30 with a first end of the second section
1215 positioned 1n the first alignment fixture 10, and a second
end positioned 1n the second alignment fixture 30.

After the second section 1215 1s secured in the alignment
fixtures 10, 30, one or more mounts 160 are aligned and
attached to the second section 1215. In the embodiment of
FIGS. 10 and 11, a mount 160 1s attached to the section 1215
and extends outward on opposing sides of the section 1215.
Various numbers and configurations of mounts 160 may be
attached to the second section 1215 as necessary. The mounts
160 include a pivot member 165 that extends through the
second section 1215 and 1s attached for pivoting movement
about the B axis.

The arm 38 extending outward from the second alignment
fixture 30 positions and aligns the mount 160 relative to the
section 1215. The mount 160 1s aligned along the section
12156 and aligned with the end 46 of the arm 38. When the
mount 160 1s accurately positioned, the end 46 aligns with
features on the mount 160. According to some embodiments
of the present invention, the end 46 includes an aperture. The
aperture aligns with one or more other apertures on the mount
160, linkage 150, and/or arm 183 to receive a fastener when
the mount 160 1s accurately positioned relative to the section
1215.

The linkage 150 1s secured to the mount 160 and also
secured to the extension 37 at the second alignment fixture 30.
The linkage 150 may be secured with a fastener that extends
through the aperture 45 at the second end of the extension 37.
The linkage 150 1s supported 1n a cantilever fashion at these
two locations along the length.

After the mount 160 1s aligned and attached to the section
12156, the solar modules 115 are aligned and attached as
illustrated in F1G. 12. Mounting the modules 113 1s facilitated
by the section 1215 being secured to the alignment fixtures
10, 30. Alignment may include various steps, including but
not limited to simply positioning the modules on the mounts
160, and adjusting the angular position of a top planar surface
of the modules 115 relative to the section 121. According to
some embodiments of the present invention, the alignment
fixtures 10, 30 prevent the section 1215 from rotating about
the axis A when the solar modules 115 are attached to the



US 8,453,328 B2

11

mounts 160. In one embodiment, the flanges 122 at the ends
of the sections 1215 contact against the respective supports
13, 33 and prevent rotation about the axis A.

Once the section 12154 1s assembled, 1t can be removed
from the alignment fixtures 10, 30 as illustrated 1n FIG. 13.
Removal from the first alignment fixture 10 includes opening
the clamp 16 and releasing the first end of the section 1215.
Removal from the second alignment fixture 30 includes open-
ing the clamp 36, and also removing the fastener 1n the exten-
sion 37 that attaches the linkage 150. The completed section
1215 1s ready for attachment to the other sections 121 that
comprise the solar array 100.

FIG. 14 illustrates assembly of a first section 121a of the
torque tube 120 that includes the linear actuator 190. The first
end of the section 121a 1s secured to the alignment fixture 10
by placement in the receptacle 14 and closing the clamp 16.
The second end 1s secured to the alignment fixture 30 1n a
similar manner with placement 1n the receptacle 34 and clos-
ing the clamp 36. The mount 160 1s attached to the section
121a 1n a sitmilar manner as described above.

The linkage 150 1s secured to the mount 160 with a fastener
that extends through the linkage 150 and 1nto opposing arms
183 on each side of the linkage 150. The linkage 150 1s also
supported during the assembly process by the support 50. The
support 50 1s attached to the linkage 150 by threading the
eyelet 52 onto the linkage 150 and sliding the support 50
along the length to a distance away from the mount 160 to
support the linkage 150. The leg 51 extending from the evelet
52 abuts against the section 121a to support the linkage 140
away from the section 121a. The bottom of the leg 51 that
abuts against the section 121a may include a shape that cor-
responds to the exterior shape of the section 1214a to provide
a more secure abutting contact. As illustrated 1n FIG. 14, the
linkage 150 extends outward from a single side of the mount
160 and therefore 1s not attached to the extension 37 of the
second alignment fixture 30.

The linear actuator 190 1s attached with a first end secured
to the section 1214, and a second end attached to the connec-
tor plate 126 on the linkage 150. As illustrated 1n FI1G. 14, the
arm 38 that extends outward from the second alignment {ix-
ture 30 1s not necessary for assembling the first section 121a.
The arm 38 may be removed from the second alignment
fixture 30 as illustrated 1n FIG. 14. Alternatively, the arm 38
may remain attached to the second alignment fixture 30 and
be pivoted out of the way during the assembly process. Once
the section 121a 1s complete, the solar modules 115 may be
attached to the mounts 160.

The order of assembly of the various components of the
sections 121a, 12156 may vary. According to some embodi-
ments of the present ivention, the solar modules 115 are
attached to the mounts 160 after the linkages 150 and linear
actuator 190 are attached to the sections 121. Other embodi-
ments may attach the solar modules 115 prior to one or more
ol the other components.

FIG. 15 illustrates a first step of assembling a solar array
100. A number of vertical supports 130 are connected to the
support surface 300. The vertical supports 130 are aligned 1n
a straight row to recerve the various sections 121 that will
comprise the solar array 100. The vertical supports 130 may
be aligned 1n a north-south arrangement as illustrated in FIG.
1. Receptacles 133 are mounted to the ends of some supports
130 and are configured to receive the sections 121 and allow
for rotation about the axis A. According to some embodi-
ments of the present invention, the receptacles 133 may
include a scalloped groove that corresponds to the exterior
shape of the sections 121 to allow for rotation. The recep-
tacles 133 may also include securement devices 1335 that
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extend over a top of the sections 121. The scalloped grooves
may extend around a first portion of the sections 121 and the
securement devices 135 may extend around a remainder to
encircle the sections 121 and prevent inadvertent removal.

One of more drives 170 may be attached to the vertical
supports 130. The drives 170 provide a rotational force to the
sections 121 for rotating the torque tube 120 about the axis A.
A variety of different drives 170 may be used for providing
the rotational force.

FIG. 16 includes an embodiment of a drive 170 that
includes a slew speed reducer to rotate the sections 121 that
comprise the torque tube 120. The drive 170 may deliver high
torque and smooth rotational positioning to the torque tube
120 to accurately maintain the alignment of the solar modules
115 during the course of the day. The drive 170 may also
rotate heavier and/or larger solar modules 115 and supporting
frames 110 than other drives. The drive 170 may also include
a reduced size that does not interfere with the movement of
the other elements of the solar array 100.

The drive 170 includes an inner ring (not 1illustrated), a
worm (not 1llustrated), and an annular outer gear ring 503.
The 1nner ring and outer ring 303 are arranged 1n an embed-
ded alignment and concentric about a common axis that may
include the axis of the torque tube 120. The outer gear ring
503 has a central opening that receives the inner slew ring, and
an outer surface with a plurality of teeth that mate with the
worm. The outer gear ring 503 also includes lateral sides 506
that extend between the central opening and the outer surtace.
The worm 1includes a helical tooth that engages with the
plurality of teeth on the outer gear ring 503. A housing 519
may extend around a portion or entirety of the worm for
protection from debris or environmental elements (e.g., ice,
rain, snow ) to which the array 100 may be exposed. Likewise,
a cover 560 may extend over the teeth of the outer annular
gear ring 503.

The mner slew ring 1s connected to the sections 121 of the
torque tube 120 by adapters 507. A first adapter 507 extends
between the mner slew ring and a first section 121, and a
second adapter 507 extends between the inner slew ring and a
second section 121. The adapters 507 include a first plate 510
configured to connect to the mner slew ring, and a second
plate 521 configured to attach to the flange 122 of the adjacent
section 121. In some embodiments of the present invention,
one or both sections 121 are connected directly to the inner
slew ring (1.e., without an adapter 507).

A bracket 700 connects the drive 170 to a vertical support
130. The bracket 700 includes a first section 701 that connects
to the vertical support 130, and a second section 702 that
connects to the outer gear ring 503. Each of the sections 701,
702 may be substantially tlat and perpendicular to each other.
The bracket 700 may also include other configurations. The
first section 701 may connect to the vertical support 130 by
various mechanisms. The second section 702 1includes a cen-
tral aperture 703 that recetves a section of the adaptor 507 and
1s sized to allow rotation of the adapter 507 relative to the
bracket 700. Apertures 1n the second section 702 align with
apertures 1n the outer gear ring 503 to receive fasteners to
attach the bracket 507 to the outer gear ring 503. This con-
nection prevents the outer gear ring 503 from rotating during
operation of the drive 170. With the outer gear ring 503
stationary, the drive 170 allows the 1nner slew ring and worm
to rotate with the torque tube 120 while tracking the move-
ment ol the sun. The amount of rotation of the worm about the
outer gear ring 503 may vary depending upon the specifics of
the array 100. In one embodiment, the worm rotates about
180° around the outer gear ring 503. The amount of angular
range defining the rotation for the solar array 100 could be
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different depending on many factors such as, the geographi-
cal location of the solar array or the time of year, and could
therefore be adjusted at anytime during the installation or
operation of the solar tracking array.

A single drive 170 may be adequate to rotate the torque
tube 120. Alternatively, two or more drive 170 may be posi-
tioned along the torque tube 120 to drive the various discrete
sections 121 as necessary. In embodiments with multiple
drives 170, the drives 170 may be the same or may be differ-
ent. Embodiments of drives are disclosed in U.S. patent appli-
cation Ser. No. 12/574,508 herein incorporated by reference
1n its entirety.

FIG. 17 illustrates an assembled second section 1215
mounted to adjacent vertical supports 130. The section 1215
1s positioned with a first end 1n the first vertical support 130,
and a second end within a receptacle 133 of a second vertical
support 130. One or more intermediate vertical supports 130
(not illustrated) may also be positioned to support the section
1215. The first end 1s positioned to attach with the drive 170
mounted on the vertical support 130. According to some
embodiments of the present invention, the section 1215 1s
placed onto the vertical supports 130 and then aligned by
sliding the section 1215 on the vertical supports 130 with the
flange 122 abutting against the second plate 521 of the drive
170. Fasteners extend through aligned apertures 1n the flange
122 and plate 521 to secure the section 1215 to the drive 170.
Securement devices 1335 on the receptacles 133 may also be
placed over the section 1215 to further secure the section
1215 to the vertical supports 130.

FIG. 18 1llustrates another step of the assembly process
with a first section 121a having a linear actuator 190 being
attached to the second section 1215. The first section 121a 1s
positioned on one or more vertical supports 130 with the
flange 122 at one end slid into contact with a second plate 521

of the drive 170. The flange 122 1s aligned with the second

plate 521 and fasteners are 1nserted to attach the first section
121a to the drive 170. Securement devices 135 on the other

vertical supports 130 may be placed over the section 1215 to
provide further attachment. The first section 121a 1s axially
aligned and co-linear with the second section 1215. The sec-

tions 121a, 1215 together form a portion or entirety of the
torque tube 120 of the solar array 100.

The linkages 150 of the sections 121a, 1215 are further
attached together. The various sections of linkages 150 form
a continuous member that 1s driven by the linear actuator 190.

Additional sections 121 may be attached to the ends of the
torque tube 120 as necessary to meet the desired output
demands. According to some embodiments of the present
invention, the solar array 100 1s assembled with the drive 170
positioned along a central section of the torque tube 120. This
positioning provides for the drive 170 to apply an equal
amount of torque to each half of torque tube 120. A single
drive 170 may be adequate for providing rotational power to
the torque tube 120. Alternatively, two or more drives 170
may provide the rotational power.

The linear actuator 190 may also be positioned along the
central section of the torque tube 120. This positioning pro-
vides for the linear actuator 190 to apply an equal amount of
force to sections of the linkages 150 that extend outward 1n
cach of the opposing directions.

According to some embodiments of the present invention,
the solar array 100 1s assembled from the center outward.
Theretore, a first central section 121 1s attached to the vertical
supports 130. Afterwards, additional sections 121 are
attached to each of the ends of the first central section 121.
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According to some embodiments of the present invention, the
first central section 121 1s attached to the drive 170 and/or the
linear actuator 190.

According to some embodiments of the present invention,
the solar modules 115 are attached to the section 121 while 1t
1s st1ll secured 1n the alignment fixtures 10, 30. Other embodi-
ments attach the solar modules 115 at different times. FIG. 18
illustrates an assembly embodiment 1n which the solar mod-
ules 115 are attached to the section 121q after the section

121a 1s attached to another section 1215 of the solar array
100.

In one embodiment, the solar array 100 1s assembled at the
installation site. The various components are sized to {it
within a standard vehicle and are light-weight to allow 1nstal-
lation by a single person or limited number of persons. Fur-
ther, the modular aspect of the array 100 facilitates modifica-
tions after the imitial installation. Additional sections 121 and
vertical supports 130 may be added to the frame 110 to
accommodate a desired number of additional solar modules
115. Further, the size of the array 100 may be reduced after
installation by removing one or more solar cell modules 115.

The frame 110, torque tube 120, vertical supports 130,
mounts 160, and solar modules 150 may include various

configurations. U.S. patent application Ser. Nos. 12/623,134,
12/574,508, 12/478,567, and 12/257,670 disclose various

configurations of these components and are herein incorpo-
rated by reference in their entireties.

Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described in connection with the
embodiment 1s included 1n at least one embodiment of the
present mvention. Thus, the appearances of the phrases “in
one embodiment” or “in an embodiment” 1n various places
throughout this specification are not necessarily all referring
to the same embodiment. Furthermore, the particular fea-

tures, structures, or characteristics may be combined 1n any
suitable manner in one or more embodiments.

b

Spatially relative terms such as “under”, “below”, “lower”,

“over”, “upper”, and the like, are used for ease of description

to explain the positioning of one element relative to a second

clement. These terms are intended to encompass different
orientations of the device 1n addition to different orientations
than those depicted in the figures. Further, terms such as
“first”, “second”, and the like, are also used to describe vari-
ous elements, regions, sections, etc and are also not intended
to be limiting. Like terms refer to like elements throughout the
description.

As used herein, the terms “having™, “containing”, “includ-
ing”, “comprising”’ and the like are open ended terms that
indicate the presence of stated elements or features, but do not
preclude additional elements or features. The articles “a”,
“an” and “the” are intended to include the plural as well as the
singular, unless the context clearly indicates otherwise.

The present invention may be carried out 1n other specific
ways than those herein set forth without departing from the
scope and essential characteristics of the invention. The
present embodiments are, therefore, to be considered 1n all
respects as 1llustrative and not restrictive, and all changes
coming within the meaning and equivalency range of the
appended claims are intended to be embraced therein.

Without further analysis, from the foregoing others can, by
applying current knowledge, readily adapt the present inven-
tion for various applications. Such adaptations should and are
intended to be comprehended within the meaning and range

of equivalence of the following claims.
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What 1s claimed 1s:

1. A method of assembling a terrestrial solar tracking pho-
tovoltaic array that includes a plurality of vertical supports
that support a longitudinal support comprising a string of
coaxial torque tubes mounted thereon over the surface of the
carth and substantially 1n a north-south direction, said longi-
tudinal support being journalled for rotation so as to allow
rotation during the course of a day, the method comprising:

positioning a torque tube on two vertical supporting align-

ment {ixtures, the torque tube including a first end and a
second end;

mounting a mount to the torque tube between the first and
second ends, the mount having first and second sections
that extend outward from opposing sides of the torque
tube;

mounting a first solar cell module to the first section of the
mount and a second solar cell module to the second
section of the mount, each of the solar cell modules
including an array of lenses positioned over a set of
corresponding receivers that include one or more I1I-V
compound semiconductor solar cells;

after the solar cell modules are mounted to the mount,
removing the torque tube from the alignment fixtures;

aligning the torque tube with a longitudinal support that 1s
mounted over the surface of the earth with the torque
tube and the longitudinal support being coaxial and
aligned 1n an end-to-end ornientation; and

attaching the torque tube to the end of the longitudinal
support and forming a single continuous member with
the first and second solar cell modules being rotatable
about a first axis defined by the coaxial torque tube and
the longitudinal support and a second axis substantially

perpendicular to the first axis.

2. The method of claim 1, further comprising mounting the
first solar cell module on a first side of the torque tube and the
second solar cell module on an opposing second side of the
torque tube, the first and second solar cell modules being
positioned about 180° apart.

3. The method of claim 1, further comprising abutting a
first flange on the first end of the torque tube against a second
flange on the end of the longitudinal support and 1nserting
fasteners through the first and second tlanges to attach the first
end of the torque tube to the end of the longitudinal support.

4. The method of claim 1, wherein positioning the torque
tube on the two vertical supporting alignment fixtures
includes positioning the torque tube 1n a scalloped receptacle
mounted to a first of the two vertical alignment fixtures with
the receptacle having a shape that conforms to an exterior
shape of the torque tube.

5. The method of claim 4, further comprising encircling the
torque tube by moving an arm on the first vertical alignment
fixture over the torque tube after the torque tube 1s placed 1n
the scalloped receptacle.

6. The method of claim 1, further comprising prior to
removing the torque tube from the two vertical alignment
fixtures, attaching a first end of an elongated linkage to an
extension that extends outward from one of the two vertical
alignment fixtures and a attaching a central section of the
linkage to the mount, the linkage being parallel with the
torque tube.

7. The method of claim 1, further comprising attaching a
linear actuator to the torque tube with a first end of the linear
actuator attached to an intermediate section of the torque tube
between the first and second ends and a second end of the
linear actuator attached to a linkage that extends parallel to
the torque tube.
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8. A method of assembling a terrestrial solar tracking pho-
tovoltaic array that includes a plurality of vertical supports
that support a longitudinal support comprising a string of
coaxial torque tubes mounted thereon over the surface of the
carth and substantially 1n a north-south direction, said longi-
tudinal support being journalled for rotation so as to allow
rotation during the course of a day, the method comprising:

securing a torque tube to an alignment fixture by position-

ing a flange at an end of the torque tube over a shelf on
the alignment fixture and positioning a section of the
torque tube inward from the flange 1nto a receptacle on
the shelf of the alignment fixture;

aligning and mounting a mount to the torque tube at a point

along the torque tube mnward from the end of the torque
tube;

aligning and mounting a solar cell module to the mount

with the solar cell module including an array of lenses
positioned over a set of corresponding receivers that
include one or more III-V compound semiconductor
solar cells:

after the solar cell module 1s mounted to the mount, remov-

ing the torque tube from the alignment fixture; and
aligning and mounting the torque tube to an end of the
longitudinal support with the torque tube being coaxial
with the longitudinal support and the solar cell module
being able to rotate with the torque tube about a first axis
that extends through the torque tube and the longitudinal
support and a second axis perpendicular to the first axis.

9. The method of claim 8, further comprising positioning,
the torque tube onto ends of a plurality of vertical supports
and subsequently aligning and mounting the torque tube to
the end of the longitudinal support.

10. The method of claim 9, further comprising attaching
the tlange at the end of the torque tube to a ring member of a
drive positioned at the end of one of the plurality of vertical
supports, the drive providing a rotational force to the torque
tube and the longitudinal support to rotate both about the first
axis.

11. The method of claim 10, further comprising mounting
the drive to the end of one of the plurality of vertical supports
prior to attaching the flange at the end of the torque tube to the
drive.

12. The method of claim 8, wherein securing the torque
tube to the alignment fixture further comprises positioning a
bottom side of the torque tube 1nto a scalloped groove on the
alignment fixture and positioning a clamp arm mounted to the
alignment fixture over a top side of the torque tube, the clamp
arm maintaining the torque tube in the scalloped groove.

13. The method of claim 8, wherein mounting the mount to
the torque tube at the point along the torque tube inward from
the end of the torque tube comprises positioning the mount at
an end of an alignment arm that i1s attached to and extends
outward from the alignment fixture.

14. The method of claim 8, further comprising mounting an
clongated linkage to the torque tube with the linkage being
parallel to the first axis while the torque tube 1s secured to the
alignment fixture.

15. The method of claim 13, further comprising attaching a
linear actuator with a first end of the linear actuator attached
to the torque tube and a second end of the linear actuator
attached to the linkage, the linear actuator including a drive
and telescoping first and second sections with the first end
positioned on the first section and the second end positioned
on the second section.

16. The method of claim 14, further comprising supporting
the linkage while the torque tube 1s secured to the alignment
fixture by positioning the linkage 1n a receiver on a first end of
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a support and contacting a second end of the support against
the torque tube, the support including a length to position the
linkage parallel to the first axis.

17. A method of assembling a terrestrial solar tracking
photovoltaic array comprising;:

securing a first torque tube section to first and second

alignment fixtures;
while the first torque tube section 1s secured, mounting a

first mount to the first torque tube section and a first
linkage to the first mount;

removing the first torque tube section from the first and
second alignment fixtures;

therealter, securing a second torque tube section to the first
and second alignment fixtures;

while the second torque tube section 1s secured, mounting
a second mount to the second torque tube section and a
second linkage to the second mount;

removing the second torque tube section from the first and
second alignment fixtures;

rotatably securing the first torque tube section on a first
plurality of vertical supports;

rotatably securing the second torque tube section on a
second plurality of vertical supports;

aligning and mounting the second torque tube section to an
end of the first torque tube section with the sections
being arranged 1n coaxial end-to-end arrangement;
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attaching the first and second linkages together;

attaching solar cell modules to each of the first and second
mounts with the solar cell modules including an array of
lenses positioned over a set of corresponding receivers
that include one or more I11-V compound semiconductor
solar cells;

attaching the first torque tube section to a drive to rotate the

first and second torque tube sections about a first axis
that extends through the first and second torque tube
section; and

attaching one of the first and second linkages to a linear

actuator to rotate the first and second mounts about a
second axis perpendicular to the first axis.

18. The method of claim 17, wherein attaching the solar
cell modules to each of the first and second mounts occurs
while the first and second torque tube sections are secured to
the first and second alignment fixtures.

19. The method of claim 17, wherein securing the first and
second torque tube sections to the first and second alignment
fixtures includes placing ends of the torque tube sections into
receptacles on the first and second alignment fixtures.

20. The method of claim 17, further comprising mounting,
an equal number of the solar cell modules on each side of the
first and second torque tube sections to distribute the weight
and facilitate rotation about the first axis.
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